
Letter to the Editor

Utility of viral whole-genome sequencing for institutional infection
surveillance during the coronavirus disease 2019 (COVID-19)
pandemic

Alex Ryutov PhD1, Xiaowu Gai PhD1,2, Dejerianne Ostrow PhD1, Dennis T. Maglinte MS1, Jessica Flores BS1,

Edahrline J. Salas MA3, Marisa Glucoft MPH3, Michael Smit MD2,3 and Jennifer Dien Bard PhD1,2

1Department of Pathology and Laboratory Medicine, Children’s Hospital Los Angeles, Los Angeles, California, 2Keck School of Medicine, University of Southern
California, Los Angeles, California and 3Division of Infectious Diseases, Department of Pediatrics, Children’s Hospital Los Angeles, Los Angeles, California

To the Editor—Whole-genome sequencing (WGS) analysis of
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
has led to important findings related to the origin and evolution
of the virus.1-3 The high potential for infectivity of SARS-CoV-2
raises legitimate concerns for person-to-person transmission,
particularly in the hospital setting. Evaluation of the viral genome
during a pandemic can aid in identifying outbreaks.4

Methods

Viral WGS was performed as previously described5 on all positive
SARS-CoV-2 isolates at Children’s Hospital Los Angeles, a
quaternary-care, free-standing, pediatric medical center.

To analyze local propagation of the virus, we relied upon direct
comparisons of mutations found in viral genomes. We defined the
dissimilarity between viral isolates as the size of the symmetric dif-
ference between the sets of mutations present relative to the refer-
ence genome. The analysis was restricted to the consensus level
mutations and SARS-CoV-2 mutations with allele frequency of
≥50%. Only high-quality SARS-CoV-2 genomes, defined as at least
100× coverage (number of reads aligned to a genomic position)
across 97% of the genome, were used for cluster analysis.

To analyze emerging groups of comparable isolates, we used
hierarchical clustering. The dissimilarity matrix was defined as
the sizes of symmetric differences between samples. We used
the bottom-up unweighted pair group method with arithmetic
mean reference (UPGMA) method with an R function hclust6

to visualize the clustering (Fig. 1). Suspected clusters that war-
ranted investigation were internally defined by the institution’s
contact-tracing program as (1) ≥2 SARS-CoV-2–positive cases
within the same setting, (2) presence of an epidemiological link
between the cases, noting the potential of prolonged close contact
within 2 m (6 feet) for 15 minutes or longer, and (3) occurring
within 14 days of symptom onset or positive SARS-CoV-2
reverse-transcriptase polymerase chain reaction (RT-PCR) test
date if asymptomatic.

Results

Establishment of protocol

To determine a framework for interpreting dissimilarity between
isolates, we compared pairwise differences between repeated sam-
ples from a single patient and within-family clusters with epidemi-
ologically unrelated samples. The median pairwise difference
between unrelated isolates estimated in the spring and early
summer of 2020 was 10 mutations, and as of January 2021, it
had increased to 16 mutations. The continued evolution of
SARS-CoV-2 genome did not affect our analysis of local transmis-
sions because suspect isolates were subjected to WGS within a rel-
atively short period. Furthermore, the estimate of 0–1 variants
between related samples becomes even more robust with increas-
ing divergence between viral isolates.

Consequently, we adopted the following interpretation of pair-
wise and within-cluster dissimilarities: highly related = 0–1 vari-
ant; possibly related = 2–4 variants; probably unrelated= 5–9
variants; unrelated= 10 or more variants. Supplementary Figure
1 and Supplementary Table 1 (online) summarize the sample
diversity and pairwise dissimilarities for 3 distinct periods. The
0–1-variant difference is statistically highly unlikely for 2 unrelated
viral isolates, with P = .00355, based upon the combined data set.

Institutional cluster analysis

During a 9-month period (April–December 2020), we identified 25
potential clusters, involving a total of 70 SARS-CoV-2–positive
individuals, that warranted further exploration by WGS. Of the
25 suspected clusters analyzed, conclusive results were available
in 23 cases (92%) (Supplementary Table 2 online). We confirmed
some relatedness in 14 clusters (56%) suspected by the contact-
tracing team, including an outbreak within a unit. For example,
clusters 1 and 2, corresponding to the same unit, were related to
each other (Fig. 1 and Supplementary Table 2 online). We encoun-
tered cases in which relatedness was confirmed in only a portion of
isolates within a suspected cluster. For example, cluster 20 con-
sisted of 3 highly related isolates and 2 distinct isolates that were
significantly distant (Fig. 1).

Importantly, WGS allowed us to rule out 9 highly suspicious
clusters within the same units (36%), demonstrating that these
were not healthcare-associated infections and that, during periods
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of high community incidence of coronavirus disease 2019
(COVID-19) cases, transmission outside the healthcare setting
was a more likely driver of transmission events. The remaining
samples were unresolved due to inadequate genome coverage.

Discussion

Similar to other studies,4 WGS analysis of SARS-CoV-2 isolates
allowed us to monitor disease spread, to analyze outbreak dynam-
ics, and to identify infection hot spots within our institution.
Equally important was the capability provided by theWGS analysis
to rule out suspected clusters and to confirm unrelated sources of
infection. This capability not only allowed us to implement miti-
gation efforts with a more targeted approach but also provided us
with insights about how our infection prevention and control strat-
egies and use of personal protective equipment effectively pre-
vented disease transmission.

There is currently a lack of standardization and definitions by
local public health officials and regulatory bodies regarding the use
of genomic epidemiology to identify clusters and hospital-acquired
infections. We established a defined cut-off to determine related-
ness based on the known mutation rate of SARS-CoV-2, which
allowed us to accurately and conservatively interpret genomic data
alongside clinical meta-data. We emphasize the need for clinical
meta-data as part of the interpretation because 100% identical iso-
lates with absolutely no known association are commonly detected.
We do recognize that WGS is not being pursued in many COVID-
19 cases tested outside of our facility, and we emphasize the need
for more widespread use of WGS given the utility of these data.

In conclusion, genomic analysis during COVID-19 pandemic,
as well as other infectious diseases outbreaks, can be highly
effective in a clinical setting as a complement to contact-tracing

efforts, and WGS will become increasingly important in future
pandemics.
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Fig. 1. Unweighted pair group method with arithmetic mean reference (UPGMA) clustering analysis allows for a global visualization of samples under investigation
and ameans to assess relatedness across suspected clusters. Relatedness of samples within clusters was based on the symmetric difference calculations: Clusters 1, 2:
related (samples 1–4, 6, 7); sample 5 was not included due to low coverage. Cluster 20: related (samples 49, 51, 52); unrelated (samples 53, 54); sample was 50 not
included due to low coverage. Cluster 24: unrelated (samples 65–67).
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